The effect of colchicine on some growth and yield parameters of fonio (Digitaria exilis) was studied. Seeds of five accessions of fonio (Dinat, Jakah, Jiw 1, Jiw 2 and Nkpowas) were treated with five different colchicine concentrations (0.1mM, 0.5 mM, 1.0 mM, 2.0 mM and soaking with the aim of inducing variability that could be exploited in the improvement of the crop. The treated seeds were sown in a plot in a Completely Randomized Design with three replications in a factorial arrangement. The result obtained revealed highly significant difference (P effects of different concentrations of colchicine on the growth and yield components of fonio. The result showed that colchicine produced taller mutants (79 that are larger in cross sectional area (11.35 number with high number of spikes that are longer and bear high number of seeds/spikes. Similarly the 1000 mutants' seeds weight is higher than concentration dependent, decrease with increase in concentrations. Lower colchicine concentration (0.1 mM) and accession Jiw 1 having highest responses to colchicines treatment was recommended for breeding programs in fonio. colchicine on some growth and yield parameters of fonio (Digitaria exilis) was studied. Seeds of five accessions of fonio (Dinat, Jakah, Jiw 1, Jiw 2 and Nkpowas) were treated with five different colchicine concentrations (0.1mM, 0.5 mM, 1.0 mM, 2.0 mM and 0.0 mM as control) via soaking with the aim of inducing variability that could be exploited in the improvement of the crop. The treated seeds were sown in a plot in a Completely Randomized Design with three replications in a ult obtained revealed highly significant difference (P effects of different concentrations of colchicine on the growth and yield components of fonio. The result showed that colchicine produced taller mutants (79-83.93 cm) with many leaves (10 that are larger in cross sectional area (11.35-13.15 cm 2 ). More so, the mutants produced high tiller number with high number of spikes that are longer and bear high number of seeds/spikes. Similarly the 1000 mutants' seeds weight is higher than that of the controls. The effect of the mutagen is concentration dependent, decrease with increase in concentrations. Lower colchicine concentration (0.1 mM) and accession Jiw 1 having highest responses to colchicines treatment was recommended for
INTRODUCTION
Fonio (Digitaria exilis [Kippist] Stapf.) known popularly as Acha, fundi, findi, petit mil or hungry rice (Jideani, 1999) is one of the oldest African cereal cultivated for thousands of years; since about 5000 B.C (Chukwu and Abdulqadir, 2008) . It is cultivated across the West African dry savannas from Senegal to Cameroun. There are over 300 Digitaria species which are sometimes grown as fodder; out of which only three or four are sometimes grown as cereals (CIRAD, 2004) . Indeed, it was a staple food crop on the Fouta Djallon in and the Bauchi plateau in Nigeria (Purseglove, 1972) . Fonio grains are the best tasting and nutritious of all grains known to man (Vietmeyer et al about 7% crude protein that is high in leucine (9.8%), methionine (5.6%) and valine (5.8% Bassa, 1991) . Diverse biochemical investigations indicated that the nutritive value of fonio grain is favorably comparable with that of other cereals (Haq and Ogbe, 1995) and was proved to have possessed excellent protein composition (9methionine and cystine, two vital amino deficient in the major cereals like sorghum, rice, wheat or barley (Barikmo and Ouattara, 2004; IPGRI, 2004) . More so, the concentrations of methionine, cysteine and leucine in fonio are slightly higher than those defined for the Food and Agriculture Organization reference [Kippist] Stapf.) known popularly as Acha, fundi, findi, petit mil or hungry rice (Jideani, oldest African cereal cultivated for thousands of years; since about 5000 B.C (Chukwu and Abdulqadir, 2008) . It is cultivated across the West frican dry savannas from Senegal to Cameroun. There species which are sometimes grown as fodder; out of which only three or four are sometimes grown as cereals (CIRAD, 2004) . Indeed, it was a staple food crop on the Fouta Djallon in Guinea and the Bauchi plateau in Nigeria (Purseglove, 1972) . Fonio grains are the best tasting and nutritious of all et al., 1996) with about 7% crude protein that is high in leucine (9.8%), methionine (5.6%) and valine (5.8%) (Temple and Bassa, 1991) . Diverse biochemical investigations indicated that the nutritive value of fonio grain is favorably comparable with that of other cereals (Haq and Ogbe, 1995) and was proved to have possessed -12%) rich in methionine and cystine, two vital amino-acids almost deficient in the major cereals like sorghum, rice, wheat or barley (Barikmo and Ouattara, 2004; IPGRI, 2004) . More so, the concentrations of methionine, cysteine and higher than those defined for the Food and Agriculture Organization reference protein (Temple and Bassa, 1991). Fonio species contain less polyphenols with high digestibility of protein (Jideani et al., 1994; Jideani and Podgorski, 2009 ).
Fonio is among the world's best tasting cereals and has a high diversity of uses in human consumption (Vietmeyer et al., 1996) . In many African countries, fonio is traditionally cooked as couscous, various porridges and dishes and as local beverages (Adoukonou et al., 2006) . Fonio is traditionally consumed whole as tuo (tuwo), gwete, acha jollof and kunun acha (Jideani, 1993) in Nigeria. However, despite all the tremendous benefits of fonio to human endeavor, it is generally unimproved and its cultivation is not beyond subsistence level in Nigeria. There is neglect from the authorities concerned as there is no single variety registered in the country. Farmers grow traditional landraces with poor yields. (changes in the genetic materials of an organism) are known to enhance the genetic variability of crop plants. Induced mutations facilitate the development of improved varieties (Maluszynski, 1990) . Induced mutations have been used to generate genetic variability and have been successfully utilized to improve yield components of various crops (Naik and Murthy, 2009) . , 1994; Jideani and Podgorski, 2009) . he world's best tasting cereals and has a high diversity of uses in human consumption ., 1996). In many African countries, fonio is traditionally cooked as couscous, various porridges and dishes and as local beverages 6). Fonio is traditionally consumed whole as tuo (tuwo), djouka, couscous, , acha jollof and kunun acha (Jideani, 1993) in However, despite all the tremendous benefits of fonio to human endeavor, it is generally unimproved and its cultivation is not beyond subsistence level in Nigeria. There is neglect from the authorities concerned as there the country. Farmers grow traditional landraces with poor yields. Mutations (changes in the genetic materials of an organism) are known to enhance the genetic variability of crop plants. Induced mutations facilitate the development of aluszynski, 1990). Induced mutations have been used to generate genetic variability and have been successfully utilized to improve yield components of various crops (Naik and http://dx.doi.org/10.4314/bajopas.v10i2.22
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It provides raw materials for the genetic improvement of economic crops by facilitating the isolation, identification and cloning of genes which would ultimately help in designing crops with improved yield, increased stress tolerance and longer life span with reduced agronomic in-puts (Ahloowalia and Maluszynski, 2001) . Colchicine, a poisonous alkaloid from autumn crocus (Colchicum autumnale) has been used since 1937 in plant breeding work to produce changes in plants by improving growth and yield components. This research therefore used various colchicine concentrations to improve the growth and yield components of fonio.
MATERIALS AND METHODS Study Site
The research was conducted at the Botanical Garden of the Department of Biological Sciences, Ahmadu Bello University, Zaria, located within the tropical guinea savanna zone of Nigeria (Lat 11 o 11ꞌ N; Long 7 o N 38 ꞌ E and on alt 660m above sea level) during the 2015 wet season.
Sources of the Seeds
Seeds of five different accessions of fonio (Dinat, Jakah, Jiw 1, Jiw 2 and Nkpowas) used were obtained from the National Cereal Research Institute, Badeggi, Niger state.
Treatment and Experimental Design
The seeds of fonio were treated with colchicine via soaking for four hours in four different colchicine concentrations (0.1mM, 0.5mM, 1.0mM and 2.0mM) while the controls (0.0 mM) were soaked in distilled water. The colchicine treated seeds were washed thoroughly in running tap water for 4 hours, allowed to dry overnight and sown in the field plots along with the control. The treated seeds of both the accessions were sown along with respective controls 10 cm between stands and 20 cm between accessions and blocks. The seeds were planted in a Completely Randomized Block Design (CRBD) in a factorial arrangement with three replications. All the recommended agronomic and cultural practices such as planting, fertilizer application, weeding and thinning as well as harvesting methodologies were done according to the procedures described by NAERLS (2012) to raise a good crop.
Statistical Analysis
Based on the observations recorded on quantitative traits of both the five accessions of fonio were subjected to Analysis of variance (ANOVA) using SAS (2002) Version 9.1. Duncan's multiple range tests (DMRT) was used to separate the means.
RESULTS
The result for the Multivariate analysis of variance of the effects of various colchicine concentrations on the agronomic traits of five accessions of fonio is presented in Table 1 . The result showed highly significant difference (P≤0.01) in the effects of colchicine concentrations on all the selected agronomic traits of fonio. Similarly, highly significant difference (P≤0.01) was found among the accessions in terms of seedlings height, leaf area, spikes length, and number of seeds/spike. Significant difference (P≤0.05) was found among the accessions in terms of height at maturity (Table 1) . However, the result of the mean effects of various colchicine concentrations on some selected traits of fonio (Table 2 ) indicated highest germination percents among 0.1 mM colchicine treated mutants (88.57% after one week of planting). Similarly, seedlings height (4.64 cm), survival rate (74.00%) and height at maturity (83.93 cm) were found to be higher among 0.1 mM colchicine treated mutants. More so, the mutants treated with 0.1 mM colchicine concentration produced 14 leaves that were larger in size (13.15 cm 2 ) and produced highest number of tillers. The mutants (0.1 mM colchicine treated) produced highest number of spikes (7 spikes) that were 10.43 cm long and which produce the highest number of seeds (104seeds/spike). The 1000 seeds of these mutants weigh 0.63 g. The effect of colchicine is concentration dependent, increase with decrease in colchicine concentration. Furthermore, the mean effect of various colchicine concentrations on individual accessions of fonio is presented in Table 3 . The result showed that in accession Dinat, highest percentage germination of 89.63% was found among 0.1 mM colchicine treated plants after one week of planting. The 0.1 mM treated plants were found to be superior in terms of the remaining growth components such as seedlings height (4.63 cm), survival rate (76.33%), height at maturity (80.00 cm), leaf number (15 leaves/plant) and size (14.07 cm 2 ). Similarly, the yield attributes such as number of tillers (18 tillers), number of spikes (8 spikes), spikes length (11.43 cm), number of seeds/spike (98 seeds/spike) and 1000 seeds weight (0.64 g) were found to be higher among the 0.1 mM treated mutants. The effect is concentration dependent, decrease with increase in colchicine concentrations. Similarly, in accession Jakah (Table 3) , high germination percents were found among 0.1mM colchicine treated mutants after one week of planting (85.36%). The result also showed that 0.1mM colchicine treated plants produced taller plants (at seedlings stage with 4.33 cm and matured stages with 85.00 cm) having higher survival rate of of 73.00%. Similarly, high numbers of leaves (14leaves/plant) that were larger in size (10.17 cm 2 ) were found among the 0.1 mM colchicine treated mutants. The colchicine treated mutants were found to produce 16 to 19 tillers with 5-6 spikes that are 8.80-9.93 cm long and which bear 101-115 seeds/spike. The 1000 mutant seeds weigh 0.59-0.63 g. However, in the colchicine treated mutants of Jiw 1 (Table 3) , high germination percents of 86.26% were found after one week of planting among 0.1 mM treated plants. The mutants were found to be 4.17-4.76 cm at seedlings stage with a survival rate of 59.66-71.33%. But at maturity, the mutants were found to be 79.67-85.66 cm in height. More so, high numbers of leaves (10-14leaves/plant) that were larger in surface area (12.43-14.26 cm 2 ) are found among the colchicine treated plants. Similarly, the mutants produced high number of tillers (17-20 tillers) with 5-7 spikes that were longer (8.26-10.40 cm) and which bore 80-103 seeds/spike. The 1000 mutant seeds were 0.59-0.62 g. The effects are concentration dependent, decrease with increase in concentration. Furthermore, the colchicine induced mutants of Jiw 2 (Table 3) produced higher germination percentage after one week of planting (75.87-90.83%). Similarly, the mutants were taller in stature at both seedlings stage (4.66-4.80 cm) and matured stage (80.00-85.00 cm) with a range of survival rate from 65.33-72.33%. More so, the mutants produced 10-13 leaves that were 10.46-12.63 cm 2 . Similarly, the number of tillers, number of spikes produced and the spikes lengths were higher among the colchicine induced mutants of Jiw 2 (16-20 tillers, 6-9 spikes that were 9.83-10.80 cm long respectively). About 87-109 seeds were produced among the colchicine induced mutants of Jiw 2. The 1000 seeds weights of the mutants were 0.60-0.63 g. More so, the colchicine induced mutants of Nkpowas (Table 3) showed that, the mutants have high germination percents after one week of planting (68.30-90.76%). The mutants were higher in stature at both seedlings stage (4.16-4.66 cm) and matured stage (79.00-84.00 cm) with a survival rate of 67.00-77.00%. The number of leaves and the leaf area of the mutants were higher than that of the controls 11-14 leaves that were 12.36-14.63 cm 2 . Similarly, the mutants produced high number of tillers (16-20 tillers) with high number of spikes (6-8 spikes) that were longer (7.86-9.56 cm) and which produced higher number of seeds (64-96 seeds/spike). The mutant seeds were found to weigh higher than the controls (0.59-0.63 g). However, the result for the mean responses of the five fonio accessions to colchicine treatment is presented in Table 4 . The result showed that, Dinat shows high response to colchicine treatments with respect to number of spikes and spikes length. But Jakah shows high response to colchicine treatments in terms of leaves and seeds number. More so, high response to colchicine treatments in terms of leaf number and size, number of tillers, and number of spikes were found among accession Jiw 1. Furthermore, Jiw 2 was found to show better response to colchicine treatments in terms of seedlings height and spikes length while Nkpowas showed high response in terms of survival percents, leaves and spikes number. 
DISCUSSION
In view of the excellent possibilities of improving the growth and yield of fonio, the effects of various colchicine concentrations were observed for the first time on fonio. The increase in germination percents among colchicine induced mutants of fonio signifies the ability of the mutagen to improve germination rates. This is in conformity with the work of Kumar and Mishra (2004) who reported decreased germination rate with increase in EMS concentrations in okra (Abelmoschus esculentus). Reduced germination percentage with increasing doses of gamma radiation has also been reported in Pinus by Thapa (2004), Rye by Akgun and Tosum (2004) and in Chickpea by Khan et al. (2005) and Toker et al. (2005) .
This finding is in contrast to the work of Bird and Neuffer (1988) who reported reduction in the germinating rates in plants treated with mutagens. However, increased survival rates and plants heights at both seedlings and matured stage among the colchicine induced mutants of fonio with decrease in concentrations revealed the ability of the mutagen to induce cellular growth especially at the meristematic tissues. This finding is similar to that of Mensah et al. (2007) who reported that, there were dose related effects of mutagenic treatment on qualitative traits resulting in reductions in traits such as germination and survival percentages, plant height, number of fruit per plant, and the findings of Adamu (2004) where groundnut was treated with gamma rays; but is in contrast to the finding of Maluszynski et al. (2001) who reported decrease in plant height due to induced mutation in rice. The increased in leaf number and size of fonio mutants reported is in conformity with the work of Nura et al. (2011) who reported increased in leaf attributes among colchicine-induced mutants of sesame. Increased in yield components of fonio conforms to the previous reports by Khalil (2001) who reported increase in yield components for both fennel and black cumin. The increased in tillers, number of spikes, spikes length and number of seeds/spike were found among the colchicine induced mutants of fonio. This is in conformity with the work of Rachovska and Dimova (2000) , Chowdhary and Das (2001), and Srivastava et al. (2011) in wheat. Results obtained from this study further show that all traits were affected significantly by treatment with Colchicine in fonio. However, these findings were contrary to the work of Zeerak (1990) who observed reduced yield in combined treatments of gamma rays and EMS in Solanum melongena L., and the findings of Pavadai and Dhanvel (2004) in soybeans, and Varshney (1997) in bread wheat due to chemical mutagenesis. Similarly, the increased in 1000 seeds weights of fonio mutants due to colchicine treatments is similar to the findings of Nura et al. (2013) who reported similar result among colchicine induced mutants of sesame. CONCLUSION Thus, it is concluded that lower colchicine concentration (0.1mM) played a significant role in improving growth and yield components of fonio and that accession Jiw 1 showed the highest response to colchicine treatment. This indicates that, chemical mutagenesis is a vital tool for the improvement of the growth and yield of economic plants. Thus, 0.1 mM colchicine concentration and accession Jiw 1 were recommended for breeding programs.
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